This review provides an overview and discusses different analytical strategies that minimize or eliminate the preparation of samples for speciation of organic and inorganic species of As, Cr and Se in samples of biological interest. These metals are important for the human body and the presence of various chemical forms of metals determines its essentiality and toxicity, thus speciation comes as an important tool for the study of biological samples. However, speciation requires a reduction in the steps of sample preparation, allowing a sample investigation in its most native form in order to reduce the changes in chemical species. The strategies proposed for speciation of these metals include: solid phase extraction, point cloud extraction, suspension and direct analysis. Selected methods proposed for the speciation of organic and inorganic species of As, Cr and Se were reviewed including their main figures of merit, advantages and disadvantages.
Introduction
Biological monitoring consists in continuous or repeated measurements of potentially toxic substances, metabolites and their biochemical effects in tissues, excreta, and expired air to evaluate occupational or environmental exposure and health risks. It is accomplished by a comparison with appropriate referenced values based on knowledge of the probable relationship between ambient (environment) exposure and resultant adverse health effects [1] .
Among these substances, potentially toxic metals stand out. The adverse effects and toxicity of metals on a living organism depend on (i) the quantity and the chemical form (species) of the substance administered or absorbed, (ii) the way it is administered (inhalation, ingestion, topical application, injection) and is distributed periodically (single or repeated doses), (iii) the type and severity of the injury, (iv) the time needed to produce the injury, (v) the nature of the affected organism(s), and (vi) other relevant conditions [1] .
Arsenic occurs in both inorganic and organic forms, which exhibit large differences in their metabolism and toxicity. The high toxicity of arsenic is well known, since arsenic compounds are readily absorbed by inhalation either orally, the extent of absorption being dependent upon the solubility of the compound. In natural waters, arsenic may occur as As (III) (arsenite), As (V) (arsenate), monomethylarsonic (MMA) and dimethylarsinic (DMA) ions. However, the most important chemical forms of arsenic in natural waters are the inorganic species [2] .
Additionally, Se and Cr have also been reported as important metals for monitoring biological samples. Studies have shown that selenium provides many essential biological properties including evidence for cancer prevention [3] and protection against oxidative damage caused by enzymes such as glutathione peroxidase [4] . The common forms of selenium in the environment and biological systems are selenite (SeO 3 2- ), selenocystine (Se(Cys) 2 ), selenomethionine (SeMet) and selenate (SeO 4 2-) [5] , ordered in decreasing toxicity [6] . On the other hand, selenomethylcysteine (SeMeCys), an organic selenium compound bearing a metabolically-modified amino acid, is more bioavailable than the other selenium forms [3] .
Chromium in its trivalent form is involved in maintaining glucose levels, cholesterol and triglycerides, playing an essential role as a nutrient to living organisms. In contrast, the hexavalent form has high toxicity. Speciation of chromium in blood has become an important area or research after it was shown that patients with terminal renal failure treated with hemodialysis or continuous ambulatory peritoneal dialysis become iatrogenically loaded with chromium [7] . Figure 1 shows the distribution of the elements according to papers published involving speciation.
Almost 70% of the papers target As, Se and Cr elements. Commonly, biological samples are the main application. About 18% target Sb and Hg speciation and only about 12% are composed of other elements such as Sn, Fe, Te, Pb and Al.
So, speciation analysis was, in recent decades, the area of analytical chemistry that grew the most. These analyses are determining the physico-chemical forms of species of an element, and their sum results in the total concentration of the element in the sample. Additionally, techniques for absolute determination have been studied mainly for determinations at low concentrations of these elements [8, 9] .
In general, two complementary techniques are necessary to trace element speciation; one provides an efficient and reliable separation of the species, and the other provides adequate detection and quantification [10, 11] . The most practical difficulty encountered in speciation is the preservation and integrity of the species during sampling, storage and pretreatment. Because of this, procedures which result in a balance modification or in a transformation of the different species must be avoided [12] .
Methods for the extraction of elemental species in biological samples can be classified according to the solvent polarity and pH, the use of chelating agents and/or enzymatic hydrolysis. Extraction techniques such as LLE (liquid-liquid extraction), SPE (solid phase extraction), SPME (solid phase micro extraction), SDME (single-drop micro extraction) and analysis by suspension, are some of the methods used for speciation analysis in biological samples. Chromatographic techniques are noteworthy tools for speciation; however, the development of nonchromatographic methodologies is very attractive. Nonchromatographic techniques are simple and inexpensive ways to analyze speciation [13] .
Speciation strategies
The use of atomic spectrometric methods for determination of trace elements in biological samples is well established. Atomic spectrometric techniques for the determination of chemical species in biological fluid samples are in the order: ETAAS [14] , cold vapor atomic spectrometry (CVAAS), hydride generation atomic absorption spectrometry (HGAAS), FAAS, ICP-AES and ICP-MS [15] .
In recent years, hyphenate methods like those involving chromatographic methods linked to atomic ones have emerged. These methods have shown high promise for specific metal species ensuring selectivity and sensitivity.
Although the development of techniques that combine chromatographic separation and atomic detectors, the use of techniques that employ the basic chemistry are important tools to provide quantitatively the presence of certain species in various types of arrays. These techniques, in most cases, are able to determine species/groups of more toxic species, the total content of the element or differentiate organic and inorganic compounds, thus providing a more complete profile of the study sample.
Speciation analysis in biological samples is particularly tough, due the high complexity of the matrix and the low concentration of these elements. Some matrices require a high dilution factor in order to minimize interference, which leads to an increased LOD (limit of detection) of the technique [13] . A common alternative employed to solve this problem is the separation of matrix and or preconcentration of the analyte [16] . The choice of the most appropriate preconcentration depends on various factors such as the compatibility of the final stage with the measurement technique, selectivity, speed, and simplicity of procedure, among others. Figure 2 shows an estimate of the number of articles that address the speciation analysis in clinical specimens found in databases.
Blood is the most important indicator for humans and domestic animals as an illness diagnostic. A series of procedures have been proposed in literature for trace metal speciation involving aluminum, arsenic, chromium, cooper, iron, mercury, lead, platinum, selenium, silicon and zinc [17] .
Like blood, urine is a complex matrix often causing analytical problems because of its high salt content and a range of organic constituents. Metal speciation in urine samples has focused on speciation of arsenic, selenium and mercury. Reports on the speciation of other metals like tin, lead, cadmium, chromium, zinc, iron and magnesium in this biological fluid have also been reported [17] .
Nutrient fluids for newborn with human and cow milk or infant formulas satisfy the needs of healthy babies during their growth. The quality and nutritional composition of these products is the basis for evaluation of other dairy products. Bratter et al. [17] analyzed samples of human milk and formulas based on cow milk, featuring species of Cu, Zn, Fe, Mg, Mn and Ca by ICP-AES coupled to a gel filtration chromatography system. Their results showed that the Cu, Fe and Zn analyzed in human milk are attached to proteins in different ways compared to formulas based on cow milk. Different strategies may be considered for the methods of speciation discussed in this review are based on: (i) the achievement of different responses for different chemical forms of an element in the detector; (ii) selective extraction of species.
Cloud point extraction
Cloud point extraction (CPE) is one of the simplest and most versatile methods for preconcentration and extraction of the hydrophobic species from aqueous solutions. The method is based on the property of non-ionic surfactants that form micelles in aqueous solutions. When heated to a certain temperature the solution becomes cloudy, and after a time, separates into two isotropic phases: a phase of small volume and surfactant-rich (called rich phase) and another called phase or poor aqueous phase containing a surfactant concentration near the critical micelle concentration [18] .
Micelles formed from surfactant molecules act as organic solvents in liquid-liquid extraction and the analytes are partitioned between the micellar and aqueous phases [19] . In the micellar structure, there are numerous hydrophilic groupings responsible for a very efficient extraction of metallic species. The main limitation of metal ions cloud point extraction is the low partition coefficient of many species' neutral metal chelates, which can be solved by using highly hydrophobic ligands [20] .
According to Bezerra et al. [18] operational conditions must be chosen, such as temperature and time. After obtaining the surfactant-rich phase, various techniques can be used for quantification of the analyte, such as ICP-OES [21] , ICP-MS [22] , FAAS [23] , (ETAAS) [24] and HGAAS [25] .
Few studies of speciation are reported in the literature using cloud point extraction in biological samples, especially for Se, Cr and As. In studies described by Kolachi et al. [26] , CPE was efficient in measuring As and Se in skin, hair and blood of patients with cancer. In this study, a mixture of APDC (ammonium pyrrolidine dithiocarbamate) solution with Triton X-114 was used for the extraction of trace quantity of metals as metal chelates, prior to subjecting them to ETAAS. The values of extracted As and Se were 0.12 and 0.15% (w/v), respectively. Furthermore, analytical characteristic data for As and Se obtained by ETAAS were 0.04 and 0.052 μg L -1 for LOD of As and Se, respectively, and enhancement factor of about 25 was obtained by pre-concentrating 10 mL of sample solutions.
Sounderajan et al. [27] used Triton X-114 surfactant and 3,3'-diaminobenzidine as complexing agent for selenium speciation in blood and tissue samples. The quantitation was performed using ETAAS. The limit of detection of selenium was 2.5 µg L -1 with an enrichment factor of 100. Speciation of Cr (III) in human serum samples after being subjected to CPE was used as surfactant Triton X-114 as a complexing agent and 1-(2-pyridylazo)-2-naphthol and ascorbic acid as a reducing agent was described by Suna et al. [28] . The determination was performed by ETAAS with an enrichment factor of 83.5 was obtained for the preconcentration of Cr(III) with 10 mL solution. Under the optimal conditions, the detection limit of Cr (III) was 0.02 µg L −1 .
A procedure for As(III) and As(V) determination in biological samples (hair and nails) was developed. CPE conditions were optimized and the arsenic determination was performed by ETAAS. The detection limit was 0.01 μg L −1 and the enrichment factor was 52.5 [29] . Thus, we can cite as advantages and disadvantages of the technique of CPE: -the analyte is collected in a very small volume (200 μL and 500 µL) enriched phase in surfactant; -theses results in preconcentration factors are very similar to other techniques, although they use a small volume of sample; -the surfactants used are non-toxic and less dangerous than the organic solvents used in conventional extractions because they are not volatile; -operational safety due to the low flammability of surfactant, low toxicity to the analyst and environment, accessibility of technical laboratories, which may be submitted to several examination techniques. Surfactants are not expensive commercially; -the cloud point extraction procedure is ecologically clean; -the main drawback of the technique is a relatively low partition coefficient of some species of metal chelates, which can be increased with the use of highly hydrophobic ligands; -deficiency of the extraction of polar organic substances.
However, with regard to the last point, it should be emphasized that the synthesis of more specific surfactants from commercially available precursors and the use of mixed micelles means that this problem can be solved in the future [28, 29] .
Solid phase extraction
The use of SPE in batch and flow configurations has been frequently proposed as a technique for speciation analysis [13] . The SPE sorbents are filled in cartridges, syringes or disks, and the retention mechanisms are identical to those involved in chromatography liquid columns [30] . The principle of SPE involves the partitioning of the analyte between two phases, a liquid phase (sample) and a solid phase (sorbent). The sample solution containing the analyte crosses through the cartridge, filled with the appropriate sorbent, the analyte being retained by active sites of the sorbent. In a second step, the analyte is eluted using small volumes of a suitable eluent [30] .
Usually solid-phase extraction of species is applied in flow systems. The extraction columns, filled with anion or cation exchangers, complex forming resin, activated or modified alumina, among others, are connected on-line to the detector [13] . Thus, due to several advantages such as simplicity, selectivity, flexibility, economy and low environmental impacts, solid phase extraction has been widely used in studies of speciation. Activated carbon, polymeric resins, chelating resins, etc. are widely used for the speciation studies [31] [32] [33] [34] [35] [36] .
To separate Cr(III) from Cr(VI), the use of Fe 3 O 4 .ZrO 2 magnetic nanoparticles has been proposed by Wu et al. [37] A procedure for the speciation of As(III) and As(V) in natural water, food and biological samples (human hair) has been established. As(III) ions were quantitatively recovered on Alternaria solani coated Diaion HP-2MG resin at pH 7, while the recoveries of As(V) were below 10%. As(V) in the mixing solution containing As(III) and As(V) was reduced by using KI and L(+) ascorbic acid solution, then the procedure was applied to determine the total amount of arsenic. As(V) was calculated as the difference between the total arsenic content and As(III) content. The determination of arsenic was performed by using hydride generation atomic absorption spectrometry [38] .
Studies employing SPE for analysis of Se in biological samples were conducted by Bendahl et al. [39] . Co (II) -IDA -Sepharose was used to determine Selenoprotein-P in human plasma by immobilized metal ion affinity chromatography. After centrifugation, ammonium formate was added and the mixture was passed through a column of Chelating Sepharose® Fast Flow, separating Selenoprotein-P by affinity. The extraction was efficient and the level of Selenoprotein-P in the depleted plasma was 0.32 -0.03 mg L , correlation coefficient was 0.9994, the precision relative standard deviation expressed was better than 2 % in this range; the LOD and LOQ were 2 mg L -1 and 5 mg L -1 respectively. A methodology for determination of volatile organoselenium compounds (DMSe and DMDSe) in different biological and environmental samples using PbO 2 particles was developed by Ghasemi et al. [41] . The method relied on nano-structured lead dioxide as the stationary phase of head space solid phase microextraction combined with GC-MS. The detection limit and relative standard deviation (n = 5, c= 50 µg L −1 ) for DMSe were 16 ng L −1 and 4.3%, respectively. They were also obtained for DMDSe as 11 ng L −1 and 4.6%, respectively. The developed technique was found to be applicable to environmental and biologically enriched samples (urine and plasma). The main advantages of this technique are chemical and mechanical resistance, reproducible synthesis, low cost and relatively long life time of fiber.
It should be highlighted the combination of analytical schemes employing SPE procedures due to the advantages of the methodology in terms of automation and extremely low sample and reagent consumption which contribute to harmless analytical procedures. Despite several very attractive features of this technology, few SPE speciation applications papers have been published, thereby highlighting the need to develop methodologies using this technique. In addition, the use of natural materials as adsorbents has been highlighted due to low-cost potential, limits of detection, and preconcentration factors are compatible with those commercial adsorbents.
Suspension
In the suspension sampling, a small amount of solid is ground and dispersed in a suitable solvent, forming a liquid-solid suspension, which minimizes the use of reagents and contamination risks [42] making faster analysis [43] . This technique was employed initially by Brady et al. [44, 45] making it a very attractive technique since the handling of the sample is minimal [43, 46] .
The analysis by suspension offers some advantages such as: shorter time for sample preparation, so reducing the possibility of contamination, decreasing loss by volatilization, lower reagent consuming and smaller amount of waste generated [43, 47] . On the other hand, analysis by suspension also has disadvantages that brings errors such as homogeneity of particles in suspension [43, 48] , particle size [48] , concentration of diluent, the nature of the analyte, among others. There are several schemes that have been employed to minimize these errors inherent in this analysis, such as bubbling gas [49] , ultrasonic agitation [50] [51] [52] , manual agitation [53, 54] , magnetic stirrers [50, 55] , mixing effect vortex [56] for homogenization of the suspension stabilizing reagent and grinding the solid particles to become smaller, among other techniques employed [43] . Although problems presented above regarding the use of sample introduction through suspension, there is still a great advantage as the introduction of direct analysis of solid samples in equipment. The direct determinations of solids require a calibration [57] [58] [59] patterns solids [57, 58] , the availability of these standards [57] , which requires more cost, difficulty in obtaining a representative portion of the sample [60, 61] , sampling error in the portion to be analyzed, and the non homogeneous distribution of the analyte [59] . Besides, equipment for direct solid analysis needs samplers suitable for such analysts. This analysis demonstrates that the suspension is more accurate than the direct sampling of solids [57, 59] .
Samples of biological interest range from nutritional foods used for human consumption, such as milk for suckling newborns, dietary supplements, samples such as nail, blood, hair, saliva, urine, tear and also samples related to environmental contamination such as cigarettes, alcoholic beverages, as well as any kind of drugs, among others. Matrices of biological interests are defined as complex, needing a deeper investigation due to the diversity of present species in human body metabolism. It is necessary that these samples have minimal manipulation by the analyst, because they can be easily contaminated when handled and consequently generate unreliable responses for the analysis. Thus, analysis by suspension is simple, rapid, inexpensive, and less favorable to contamination and can also be chosen for different kinds of matrices.
Some species of Se and Cr are essential for the functioning of the human organism; therefore these species are of great interest to develop methods to determine the various oxidation states of species, since each of them has different effect on the organisms [62] . Various analytical techniques are employed for the determination of different matrices by analysis by suspension [59] . The literature presents few studies about biological samples for analysis by suspension, there is still a lot to study, discuss and develop within this technique for this type of sample. However, techniques that have been employed show satisfactory and reliable results using FAAS, FI-HG-FAAS, ICP-OES, ICP-MS, ETAAS, among these the most used is ETAAS [48, 63] .
Baralkiewicz et al. [64] described a method for determining Se(IV), the suspensions prepared in a medium containing 0.1% Triton X-100, 0.5 or 5% v / v HNO 3 direct concentrates were introduced into the ETAAS and the characteristic mass was 44 pg and the detection limit was 0.43 µg L -1 . Studies for the determination of Cr by ETAAS in solid drug analysis employ complete assisted dissolution by focused microwave radiation. Thereby, 0.20 g of samples was pulverized and then 20 mL of oxidizing solution was added in microwave oven vessels. After this, the vessels were cooled to room temperature for about 15 min. The remaining solution was transferred to a polyethylene flask and the volume was completed to 25 mL of water, the obtained solutions were filtered through a membrane filter and diluted with water. For Cr, the limits of detection and quantification in solution were 0.19 and 0.64 µg L -1 , respectively [65] . Besides, in some cases in the end of the analytical process a stabilizing agent was added [59] to analyze the suspension and the difference of pH is used for speciation of chromium directly on the sampler device without a need for an additional procedure thereby minimizing loss of analyte. For a Cr analysis in suspension samples, the pH is adjusted straight in the sampler, without the need of a previous filtration, thereby minimizing the loss of analyte.
A method is proposed by Moraes et al. [66] for determination of speciation of inorganic species, As (III) and As (V), and organic, MMA and DMA in samples of chicken liver and drug (meglumine antimoniate) where cryogenic trapping was used and the samples were subsequently introduced into a gas-liquid separator in the form of a suspension. The best separation efficiency between the inorganic (III and V) and organic (MMA and DMA) species was obtained using a quartz tube with the following dimensions: 305 mm long, 2.5 mm ID and 24 mm wide. Using a solution of NaBH 4 (1% w / v), addition of antifoam (1% w / v) and injection of 0.5 mL of sample (10% suspension) prepared in 0.5% (w / v) Triton X-100. The analyses of the samples were performed by HGAAS, obtaining satisfactory detection limits: 0.09, 0.03 and 0.04 mg g -1 for inorganic species, MMA and DMA, respectively. In the literature, there are many works for speciation analysis by suspension being developed in the field of biological interest for determination of Se, Cr and As. It is still too scarce to use this technique for these types of matrices. There is considerable interest today for direct analysis, rapid and inexpensive, and can be made by the analyst without laborious procedures. Therefore it is very important that further studies are done in this field, since most of the studies involve determination of total element in environmental and food samples.
Direct analysis and others
Studies of direct and in situ analysis are increasing due the interests of simplifying the process of rapid substance identification for environmental monitoring, quality control and pharmaceutical industry, and screening of biological samples in a clinical or related place. However, the preparing of samples has been a major challenge in chemical speciation, during this procedure of separating, the species may be changed. Some techniques have a built-in feature during insertion of the sample that may influence the interconversion of species in the study; additionally, external factors such as changes in pH of the medium should be controlled [67] .
HPLC and GC have been presented as the most important techniques to speciation, when coupled with ICP-MS have improved determinations of organic and inorganic species of As, Cr and Se [68, 69] . However, sample preparation is extensive and chromatographic separations are relatively long, and require clean-up steps [68] . Due to these disadvantages, the searches for alternative methods of speciation by direct analysis are in continuous development [70] . Urine and plasma are the most researched; however, most studies with samples of biological interest have discussed the complex samples and matrix effect [67] . Afton et al. [71] analyzed As and Se in urine samples after homogenization via vortexing, only making dilutions with distilled water and injecting onto an IPRP-ICPMS [71] . Other studies with urine samples have usually involved homogenization at room temperature or thawing and homogenization at room temperature, followed by dilution, centrifugation and filtration [72, 73] , or only filtration [74] [75] [76] . Blood and plasma samples can be separated by ultra-centrifugation and the filtrate can be analyzed. In addition, saliva samples were diluted, sonicated and filtered [77] .
There are very few methods suitable to provide direct speciation in solid samples and direct analysis, mainly biological samples. Liquid-liquid extraction is usually used for the extraction of As, Cr and Se [68, 77] . Sample preparation for speciation of As, Cr and Se has usually involved extractions with buffer or acid, after centrifugation, filtration, coprecipitation, complexation, redox, distillation and fractionation. However, the addition of reagents or many sampling steps can induce overestimated determinations due to the conversion of species, being a great challenge of the speciation.
Despite the high cost of equipment such as MS, good results have been found by reducing the sample preparation steps. The use of MS allows, with few steps of sample preparation, success in speciation of selenopeptideos, besides the reduction of loss of analyte. In contrast, MALDI and electrospray, despite having more losses, have greater tolerance to impurities, proving to be valuable for covalent compounds [78] .
Electrospray theoretically obtains fine information on the intact metal complexes [79, 80] , so, studies of metal-complexes using this technique require a highdegree of anticipate analyte purification [81] ; therefore, samples such as urine, plasma or tissue, do not allow a simple preparation for use ESI-MS.
In contrast, researchers have developed an ESI-MS method suitable for the detection of up to fifty arsenicals in biological samples [79] . Furthermore, most proteins with Se-methionine, can be very sensitively detected by ICP-MS, when it has sensitivity to speciation. Although, when this technique is used in biological samples it becomes useful only when preceded by a separation technique of high resolution. So, direct analysis or sample preparation steps reduction are underused [82] [83] [84] .
Lin et al. [85] showed DESI-MS is a desorption/ ionization technique used for the analysis of arsenic speciation (inorganic arsenic, monomethyl arsonic acid, dimethylarsinic acid and arsenobetaine) in biological samples under environmental conditions. The results were effective in identification of inorganic and organic arsenic compounds. The voltage source provides DESI along with solvent is enough so that ions of elementary metals or metalloids can be protonated. When the ionization energy collision increases, occurs the induction of fragmentation confirming the presence of the species [81] . The versatility of the technique has been demonstrated in a variety of examples with pharmaceuticals [65, [86] [87] [88] , illicit drugs [89] , urine [90] , agrochemicals [91] , human tissues [92] [93] [94] , plant tissue [88] and proteins [95] . Nevertheless, the method does not require sample preparation; the use of DESI has been promising for in situ speciation [85] .
Another methodology is the BDES, which is a non-redox electrochemical procedure suitable for the simultaneous separation and preconcentration of species, based on their differences in charge [96] . According Gonzalvez et al. [96] forces cause migration of species to opposite electrodes, the samples are pumped and determined by an appropriate detector. Furthermore, this force is used as an appropriate interphase to split a single sample into two different outputs. Coelho et al. [97] showed application in As speciation with samples presenting low concentration of the element. Although most studies use environmental samples, BDES can be a great proposal for speciation in biological fluids without sample preparation, with urine and plasma.
Finally, the recent development of speciation is highly focused in physical methods such as XRD, XPD, XAS, magnetic spectroscopy nuclear, magnetic resonance, electron spin resonance, electron paramagnetic resonance and Mossbauer elemental composition and molecular structure of samples can be determined by isomers [98, 99] . However, it is clear that the cost of the instrumentation and the attainable sensitivity are not enough to do routine speciation analysis in biological samples [96] .
Considerations and future trends
This review is not exhaustive, but summarizes the speciation methods and detection techniques applied to matrices of biological interest, highlighting the need for the development of simple and inexpensive methods for determinations in this type of sample.
Due the increasing consumption of dietary supplements, natural products, among other drugs, it is necessary that the available analytical methods are able to determine a better detailing of the chemical species present, overcoming the created barrier by the complexity of these matrices and low concentrations of analyte present.
There is a trend in reducing sample preparation steps in order to reduce the interconversion of species, providing more accurate results for the quantity of each species in the sample. However, compared to the review conducted, it is visible that there is still much difficulty in reducing the steps of sample preparation for speciation. Thus, we can conclude that so far many of these approaches are focused on a single element or a specific chemical form (free ions or organic compounds), thus, the information provided on the samples are very limited.
We observe that the methods of liquid-liquid extraction have been often used mainly because they are more compatible with the chromatographic techniques. However, the most direct speciation offers advantages over traditional methodologies, possessing a faster preparation, and less manipulation of the matrix, low cost and a easier routine in laboratories. The use of these methods can be used both for metal speciation in food, clinical samples, environmental and industrial interest. When considering the different options in Section "Strategies of speciation", we expect the development of procedures for direct speciation or few preparation steps, in the near future, based on the use of DESI / MS, X-Ray, and the BDES alongside with detection techniques, can be chromatographic or not. They are suitable for the fast sequential or simultaneous determination of various chemical forms of elements of the same sample. Such an approach could lead to the best aspects of screening methods in relation to the speed and reduced handling, and involves the direct characterization of chemical 
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